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With the fast development of information technology and the demands for high speed and high quality 
communication network, information processing, and data storage and interconnect, the path of modern 
communication and signal processing systems are towards the high speed, large capacity, low power consumption 
and low cost. Photonics integrated chips (PICs) are treated as one of the newest technology in this field. In this 
letter, several kinds of photonics integrated devices based on plasmonic waveguides and dielectric waveguides are 
presented and investigated for advanced features. Both plasmonic waveguides and dielectric waveguides play 
fundamental roles in modern PICs. Dielectric silicon waveguides, obeying the total internal reflection, occupies the 
important position in Silicon photonics. Plasmonic waveguides, in which surface plasmon polaritons (SPPs) on the 
metal/dielectric interface form the guided modes, can achieve nanometer-scale field confinement.
1. Introduction
With the increasing history of the 21th century, the
information theory reforms its shape and requires a
growing demands of new technology. On the one
hand, compared with the oldest communication
industry, the new concept of big data, cloud
computing, internet of thing (IoT), mobile
communication, super computers, artificial
intelligence (AI) are accustomed to every person in
this world. While, on the other hand, the physical
devices which support the above applications are
growing slowly and facing the strait. Currently, the
microelectronic integration technology based on the
development of semiconductor industry are gradually
facing the physical limitation and difficult to
overthrowing the Moore’s Law, which predicts that
the number of transistors in a dense integrated circuit
doubles about every two years in 1965. The
line-width of complementary metal oxide
semiconductor (CMOS) technology for integration
chips fabrication is coming at the 7 nm, meanwhile
the scientists and engineers promote the innovation of
current technology for sanctifying the Moore’s Law,
which are difficult ways and facing new problems,
like the increasing of cross-talk for neighboring
channels, increasing of power consumption and
increasing of the heat.
Optical inter-connectors and computers, instead of
current microelectronic chips and micro waves are a
solution for the above problems.1,2) One the one hand,
for large scale data transfer, instead of microwaves,
optical waves are used as the carrier for information
transmission. Optical wave is a kind of ultra-high
frequency electromagnetic waves, especially suitable
for high speed information transfer. Scientists and
engineers have developed the optical fiber
communication network all around the world since
the last century. On the other hand, microelectronic
chips using electrons as the information carrier in chip
scale is gradually replaced by optical waves (photons).
The photons owns superiority than electrons in many
situations, such as no RC-delay, low power
consumption ,etc.
In the letter, several kinds of photonic integrated
devices are analyzed and presented. In chapter 2, a
kind of functional plasmonic waveguide coupler is
investigated for the effective connection between
dielectric waveguides and plasmonic waveguides. In
chapter 3, a kind of plasmonic filter based on
side-coupled Fabry-Perot cavities is introduced,
which could be used for multiplexer or demultiplexer
in a wavelength-multiplexing system (WDM). In
chapter 4, a kind of grating coupler is introduced for
the coupling between fibers and silicon wires. In this
design, the multiple wavelength and polarization
states could be coupled between the fibers and chips.
2. Waveguide coupler3)
In this chapter, the coupling characteristics between
dielectric slot waveguide (DS-WGs) and hybrid
plasmonic waveguide (HP-WGs) through 2D
electromagnetic simulations are investigated in Fig. 1.
The performance of the direct connection without the
coupler structure was studied.
Fig. 1 Schematic the direct coupler of the DS-WG
and the HP-WG.
The results is given in Fig. 2. The mechanism of the
transmittance peak at dH = 200 nm is explained in
view of the effective mode area (Weff) of each
waveguide. Note that this dH also yielded the minimal
radiation loss. It’s assumed that if the Weff of the two
waveguides were of the same order, the coupling
performance would be improved. It’s varied the
structural parameters of the DS-WG and plotted the
transmittance as a function of its Weff, while keeping
the parameters of HP-WG fixed. The following
definition was used for Weff in the 2D situation.
where d = dH + dL/2. The transmittance is plotted
along with Weff in Fig. 2 as a function of DS-WG Si
width (dH). The smallest Weff clearly occurs around dH
= 180–200 nm for various dL, which coincides with
the maximum transmittance region. This result proves
that the matching of effective mode area could be
critical for achieving a good connection performance,
even though their mode field profiles are quite
different.
Fig. 2 Calculation results of Weff of the DS-WG and
transmittance of the direct coupler as a function of dH
for different values of dL.
3. Waveguide filter4)
In this chapter, a scattering-parameter model of the
side-coupled cavity-type plasmonic waveguide filters
is presented. the whole structure is divided into three
cascaded resonators, two directional couplers (DCs)
and a Fabry–Perot (FP) cavity. The overlapping
regions of the former resonators also act as a mirror
for the FP resonator.
The side-coupled plasmonic FP waveguide filter is
illustrated in Fig. 3. This structure is composed of
three MDM waveguides, denoted as segments 1, 2,
and 3. Segments 1 and 3 are used as the input and
output waveguides, respectively, while segment 2 is
used as the FP cavity. Segments 1 and 2, and 2 and 3
are connected by directional coupling. The
waveguides have equal widths. The coupling gap
between the segments 2 and 1 (or 3), length of the
segment 2, and overlapping length between the
segments 2 and 1 (or 3), are denoted as Wgap, L1, and L,
respectively. The insulator medium is assumed to be
air with a refractive index of 1, while the metal
medium is assumed to be Ag.
Fig. 3 Schematic and equivalent model of a
side-coupled plasmonic coupler FP waveguide filter.
We investigated the basic characteristics of the DCs,
and analyzed the core FP resonator. The guided wave
exhibits a phase retardation (φ) and loss as it passes
through this part. Therefore, the S-matrix becomes
diagonal. As the total phase delay per a round-trip
propagation in the cavity satisfies the resonant
condition, the resonant wavelength λm is :
where neff, L1, m, and φr denote the real part of the
effective index of the waveguide, length of the cavity,
number of antinodes of the standing SPP waves, and
phase shift upon reflection at the interface between
segments 1 and 2, respectively. It’s clear seen that the
resonant wavelength is a nearly linear relation with
cavity length.
The cavity length L1 was set to 1200 nm, while all
other parameters had the same values as above. Fig. 4
(a) shows the transmittance for an ideal lossless (α=0)
FP interference, obtained using the reflectivity
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calculated above. Two wave peaks with a
transmittance of 100% appear at around 850 nm and
1120 nm for both overlapping lengths. These two
intrinsic wavelength peaks are consistent with the
above equation with an approximation of Re(neff) =
1.4, φr ≈ 0, and m = 3 and 4. We should note that,
compared with FDTD simulations, the slightly
mismatch of resonant wavelength calculated by the
above equation comes from the dispersion of the SPP
mode and φr  0.
The peak transmittance values for the overlapping
length of 300 nm are 75% at 850 nm and 20% at 1120
nm; an opposite behavior is observed for the
overlapping length of 400 nm. Using the above
analysis, we can conclude that the total transmission
loss is mainly attributed to metal absorption losses,
and that the large transmittance differences of each
resonant mode can be easily controlled by modifying
the overlapping length.
Fig. 4 Basic input-output characteristics of the FP
resonance cavity. (a) Spectral response of an ideal FP
interferometer without loss (α = 0). (b) Spectral
responses with loss (α  0), obtained using the
proposed model and FDTD calculations.
4. Grating coupler5)
Fig. 5 shows the schematic of the proposed
dual-layer GC for vertical coupling with a
single-mode fiber. The first top-grating, which
functions as a beam splitter, was designed with a long
period and deep-etch depth. Low-index difference
materials of Si3N4 (nSi3N4 = 2) and SiO2 (nSiO2 = 1.45)
are applied in this grating for minimizing the effect of
polarization and back-reflection. The pitch period and
etch depth of the grating are represented by t and dt,
respectively. The second bottom-grating was designed
with a short period and shadow-etch depth for
splitting the beam again. This is done to satisfy the
phase-matching conditions of silicon waveguides
(with a height of dsi). The pitch period and etch depth
of the grating are represented by c and dc,
respectively. The two gratings are separated by a SiO2
gap layer with a height of dgap. For simplification,
both gratings were designed with duty cycles of 0.5.
Si3N4 and SiO2 were used as the top and bottom
cladding layers. The whole device was established on
a silicon substrate.
Fig. 5 Schematic of a dual-layer grating coupler for
vertical coupling with a single-mode fiber and silicon
slab waveguide.
The optimized values of t, c, and dSi are set to
4.1, 0.63, and 0.26 µm. dt is optimized to 1.3 µm to
balance the efficiency of the first grating at both
wavelengths. dc is set to 0.06 µm for a proper value.
dgap and dbox are both optimized with a value of 1.75
µm, as shown later. Fig. 6(a) shows the results of the
phase-matching conditions. In this figure, real lines
represent the effective refractive indices of TE0,1 and
TM0,1 modes for a silicon slab waveguide. Dashed
lines represent the effective refractive indices of the
twice-diffracted waves, where − 1 and +1 represent
the orders of − 1st and +1st diffracted waves. The
cross points represent the phase-matching conditions,
marked by symbols A, B, C, and D. Because Point A
does not match the design demand, only B, C, and D
are considered. Symbol B can be described as the
matching of the − 1st-order waves diffracted the
second time with the TM0 guided mode at
approximately 1.3 µm. The same explanation can be
applied to Symbols C and D. Then, to verify the
effectiveness of the design, a 2D-FDTD simulation is
shown in Fig. 6(b). Four peaks can be observed, and
they are marked in order of A to D. Each peak
represents a corresponding cross-point in Fig. 6(a).
Again, Peak A is not taken into consideration. Peak B
represents the output of the TM0 mode at 1.3223 µm
with a normalized efficiency of 13.53% (27.06% for
two ports) and a 3-dB bandwidth of 47 nm. Peaks C
and D represent the output of the TE0 and TM0 modes
at 1.5826 and 1.5625 µm with normalized efficiencies
of 20.51% (41%) and 16.44% (32.88%) and 3-dB
bandwidths of 49 and 34 nm, respectively. The
distortion of the calculated wavelength and desired
wavelength comes from the slight shift of
phase-matching conditions (currently three) in the
optimization, which would become unacceptable for
four. The above results show a successful design of a
dual-layer GC for the first time, giving both
polarization- and wavelength insensitivity.
Fig. 6 Calculated phase-matching conditions as a
function of wavelength; (a) theoretical results and
dispersion relations of silicon waveguides with [Λt Λc
dSi] = [4.1, 0.63, 0.26 um] and (b) FDTD results.
5. Conclusion
This letter related with ‘study of nano-photonics
integrated devices’ is presented above and
summarized in this chapter. To satisfy the huge
amount of information in the right-now world and
future world, photons are used as the information
carrier instead of electrons is the trend for their huge
bandwidth, low transmission loss, low power
consumption and high degree of integration.
In chapter 2, a kind of end-end waveguide coupler
is introduced for solving the mismatching of silicon
waveguides and plasmonic waveguides. By applying
the funnel effect, high transmission efficiency and
broad operation band can be achieved. The effective
mode area is calculated for understanding the high
transmission efficiency and low return loss. In chapter
3, a kind of side-coupled plasmonic filter is
introduced for wavelength demultiplexer. The filter is
composed of a directional coupler and a side-coupled
Fabry-Perot cavity. This result shows the possibility
of design of the ultra wide free spectrum range filter.
In chapter 4, the research on grating coupler is
showed. The phase matching conditions are calculated
for the diffraction waves and guided waves. For a
proper design, a kind of dual-wavelength and dual
polarization state coupler is achieved.
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